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EXECUTIVE SUMMARY

Landings of sole have declined over the last two decades. Due to its high price and
declining landings, as well as a desire by farmers to diversify their operations, there has
been substantial interest in the farming of sole in many countries for along period of time.

The main objective of this report is to undertake an analysis of the production of and
markets for sole. In terms of the capture fisheries, the emphasis will be on the North Sea,
where the largest landings take place and the best data are available, but landings in other
Atlantic areas and the Mediterranean will aso be considered. Although there is much
interest in the farming of sole, most of the literature is on biological and technical aspects of
farming.

This report is to examine potential economic advantages of the new farming technology
that has been developed and applied to sole farming. Firstly, for the farming technology
developed, we will evaluate investment in a sole farm and associated cost of production
through the basis of a model farm. A production plan will be established for this farm and
associated investments will be considered allowing the cost of production to be analysed
under different assumptions. Secondly, we will also examine the markets for sole. By
combining analyses of cost of production and markets, we will be able to extract valuable
information to be considered for future prospects of sole farming as it relates to the
economic advantages of the farming technology under consideration.



INTRODUCTION

Sole is a high valued species much favoured in white tablecloth restaurants. Landings of
sole have declined over the last two decades. Due to its high price and declining landings,
as well as a desire by farmers to diversify their operations, there has been substantial
interest in the farming of sole in many countries for along period of time.

Landings and consumption of sole refer to two species: Common sole, also known as Dover
sole (Solea solea, Linnaeus, 1758) and Senegalese sole (Solea senegalensis, Kaup, 1858).
The two are almost indistinguishable to consumers and are often combined in production
and market statistics. There has also been farming of both Solea solea and Solea
senegalensis (Imsland et al., 2004; Bjarndal, 2014). Both from a farming and a market
perspective, there may be advantages and disadvantages with both species. The two species
arevery similar, and the market may not distinguish between them.

The main objective of this report is to undertake an analysis of production of and markets
for sole. This will include an analysis of sole fisheries in terms of landings and stocks. The
emphasis will be on the North Sea, where the largest landings take place and the best data
are available, but landings in other Atlantic areas and the Mediterranean will aso be
considered. In 2012, total - landings of sole in the North Sea amounted to about
17000 tonnes of the amost 23800 from the Atlantic Northeast, as compared to
2200tonnes in the Atlantic Eastern Central and 5400 tonnes in the Mediterranean.
However, the main emphasis of the report is sole farming taking into account its
potential growth in the next few years, as well as markets for sole.

Howell (1997) points out that interest in the farming of sole has been stimulated largely by
a desire, if not a need, for the existing marine fish farming industry to diversify. In
particular, a revival of interest in the possibility of farming sole has been stimulated by
indications of market saturation for species such as sea bass and sea bream. The
consistently high price attracted by sole in European markets has repeatedly stimulated
attempts to devel op rearing methods for these species.

Dinis et al. (1999) point out that Solea senegalensis is a common high value flatfish in
southern Europe, commonly reared in extensive aquaculture production in the Portuguese
Republic and the Kingdom of Spain. In southern European countries, aguaculture
production is concentrated on shore-based and sea pen cultivation of sea bream and sea
bass. Due to high production, markets have begun to be saturated. Investigation of potential
new species for aguaculture is one of the strategies for increasing market opportunities.

According to Imsland et al. (2004), scientific and technical interest focuses on high value
native species whose biological cycle can be reproduced using currently available breeding
techniques. From this point of view, Solea solea and Solea senegalensis appear as credible
candidates for marine culture. According to Schram et al. (2006), Dover sole (Solea solea)
is an interesting new species for marine aguaculture in Europe as it is a high valued species
with alarge market. Garcia Garcia and Garcia Garcia (2006) point out that sole aquaculture
has attracted great interest in recent years, both at the research and the commercial level.
This is particularly true in the Kingdom of Spain and the Portuguese Republic since the
species’ rapid growth and high price provide a tremendous commercial opportunity. Howell
et al. (2009) point out that in Europe, the dominant species of interest is the Senegalese sole
but there is still some commercial and research interest in the Dover sole (S. solea),



particularly in more northern countries, notably the Kingdom of the Netherlands and the
United Kingdom of Great Britain and Northern Ireland (UK).

Although there is much interest in the farming of sole (see, for example, Imsland et al.,
2004), most of the literature is on biological and technical aspects of farming. The purpose
of this report is to analyse the potential economic advantages of the new farming
technology that has been developed and applied to sole farming. First, for the farming
technology developed, we will analyse investment in a sole farm and associated cost of
production. This will be done on the basis of a model farm. A production plan will be
established for this farm and associated investments will be considered. On this basis cost
of production can be analysed under different assumptions. Second, we will also analyse
markets for sole. Finally, by combining analyses of cost of production and markets we will
be able to say something about future prospects of sole farming as they relate to the
economic advantages of the farming technology under consideration.

The report is organized as follows. Section two gives an overview of sole fisheries as well
as farmed production. In section 3, farming technology is analysed. In section four, cost of
production in sole farming is analysed. Prices and markets for sole are considered in section
five, while future developments are discussed in the final section. Background data are
presented in an Appendix.



THE FISHERIES FOR SOLE

Sole is a long lived flatfish and can reach an age of over 40 years. Sole is a nocturnal
predator and is therefore more susceptible to capture by fisheries at night than in daylight.

Two main species of sole are harvested: Solea solea, also known as Solea vulgaris or by the
common name Dover sole, and Solea senegalesis. S. solea is mainly distributed in the
North Sea and the Mediterranean; and elsewhere, southward to the Republic of Senegal. S.
senegalensis is distributed in the Atlantic, from the Gulf of Biscay to the coasts of the
Republic of Senegal; it isless frequent in the Western Mediterranean.

The two Soleas are very similar (Dinis et al., 1999). Larvae of the two species are very
difficult to distinguish. Both species are gonochoric, and females mature at age 3+ for
S. senegalensis and 4+ for S. vulgaris, when total lengths are 32cm and 27-30 cm,
respectively. Female sole reach up to 40 cm after five years and a maximum length of
60 cm. Maes rarely grow longer than 40cm (Marine Conservation Society, 2014).
Fecundity is very similar in both species. The life cycles are also similar. Southern
populations of both species are characterised by greater asymptotic maximum lengths,
indicating that they may potentially attain larger sizesin their southernmost ranges.

Sole is harvested both in the North Sea and the M editerranean, but with most of the catches
from the North Sea. In the following, we will first look at the North Sea and then give
combined catches for the two areas. The catch statistics pertain to S. solea. As for S.
senegalensis, catches are negligible'. After looking at capture production, we will look at
farmed production in section 3.

2.1. NORTH SEA

The North Sea is the northernmost border of the distribution of this species. In cold winters
it withdraws to the deeper, warmer waters of the southern North Sea. A map of the fishing
areas in the North Sea is presented in Figure 1. Sole is harvested in the “main” North Sea
(Subarea 1V), as well as the English Channel (Divisions VIId and Vlle) and Skagerrak
(Division llla and subdivisions 22—24). An annual total allowable catch quota (TAC) is set
for each area which in turn is allocated to national quotas according to the principle of
“relative stability”.

As S. solea is a fairly stationary species, it is reasonable to believe that sole in European
waters belong to more than one population (Imsland et al., 2004). The main spawning for S.
solea takes place in the second quarter of the year in coastal areas close to the nurseries.

! Between 2003 and 2012, annual catches of S. Senegalensis varied between 31 tonnes and
89 tonnes (source: FAO Fishery Statistics 2012 — Capture Production).

4



Figure 1. ICES fishing areas in the North Sea

Source: International Council for the Exploration of the Sea:
www.ices.dk/aboutus/icesareas/I CES _areas Arc9_300.pdf

A two stage management plan for sole and plaice was agreed upon by the EU in 2007
(Council Regulation, 2007). The first stage was considered a recovery plan, with the second
stage being deemed a management plan. The objective of the second stage is to manage the
stock on the basis of Maximum Sustainable Yield (MSY).

The stock of sole in the North Sea (Subarea IV) is deemed to be within safe biological
limits when the spawning biomass exceeds 35 000 tonnes and the average fishing mortality
at ages two to six yearsis less than 0.4 per year’. The objective of the first stage is to ensure
the return of the stock to within safe biological limits. Thisis to be attained by reducing the
fishing mortality until the safe biological limit is reached (Rijnsdorp et al., 2012). Thus,
restrictive TACs are set to gradually reduce the fishing mortality. The multiannual plan
shall, in its second stage, ensure the exploitation of sole on the basis of maximum
sustainable yield.

An evaluation by the International Council for the Exploration of the Sea (ICES) concluded
that the management plan is precautionary (ICES, 2010). The implementation of the plan
varies by area, as we shall see below. The sole fishery is regulated by annua total allowable
catch quotas (TACs). In addition, there are other regulations such as effort and technical
restrictions. Minimum landing size is 24 cm for al areas while there is a minimum mesh
size of 80 mm for beam trawlers. Local regulations restricting certain gear and vessel type
are also in place. Sole is harvested by several gear types with beam trawlers being most

2 Council Regulation EC No. 509/2007.



important. In many areas sole is harvested as part of a multispecies fishery. Inshore
fisheries are important in some areas.

2.1.1. Subarea IV (North Sea)

Subarea 1V is by far the most important fishing ground for catches of sole. Figure 2 gives
annual spawning stock biomass (SSB) from 1990 onwards. The highest SSB was observed
in 1990, with almost 90 000 tonnes; only in the early 1960s was SSB significantly higher,
exceeding 110 000 tonnes. The peaks in the historica time series of SSB correspond with
the occasiona occurrence of strong year classes. Due to a high fishing mortality the SSB
declined during the nineties to 20 000 tonnes in 1998. It recovered to 40 800 tonnes the
following year. Subsequently, SSB has been quite variable, however, with an increasing
trend since 2007, reaching almost 48 900 tonnes in 2012 and 89 000 in 2013. The SSB (and
landings) have in recent years been dominated by the 2005 year class. The effect of the
2005 year class is now, however, starting to decline. The 20092010 year classes, which
entered the SSB in 2012-2013, are above average.

The decline in the fishing mortality starting in the mid-2000s coincides with a reduction of
capacity in the beam trawl fleet. High fuel prices have contributed to the decrease in effort
and, consequently, of fishing mortality (Abernethy et al., 2010; Cheilari et al., 2013).

Figure 2. SSB and landings subarea 1V, 1990-2013
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Source: ICES Advice June 2014. See Table Al in the Appendix for detailed data.

According to ICES®, the stock level denoted MSY Birigger, Which warrants management
intervention, is 35 000 tonnes with an associated Fy gy of 0.22. Moreover, By, is estimated
at 25 000 tonnes while By, is 35 000 tonnes®. SSB has fluctuated around the precautionary
reference points for the last decade and is estimated to be well above B, in 2013. Fishing
mortality has shown a declining trend since 1995 and is estimated to be close to Fysy in
2013 (0.232). The stock is above MSY Biyigeer and has full reproductive capacity; it is also
above target for the management plan.

% |CES Advice June 2014.
4 Bjimis the minimum safe SSB level while, according to the precautionary principle, the stock should
not be reduced below By,



Annual landings have shown a downward trend over time, athough there are substantial
variations from year to year. In the years 20062013 annual landings have varied between
11 500-14 600 tonnes. Since 2005, total landings have not exceeded the annual TAC
(Appendix, Table A2). However, between 2000 and 2005, landings exceeded the TAC, in
particular in 2003, when the TAC was exceeded by 13 percent.

As noted above, there is a two stage management plan for North Sea sole. The sole stock
has been within safe biological limits in the last two years. According to the management
plan, this signals the end of stage one. Application of the plan is on the basis of transitional
arrangements until an evaluation of the plan has been conducted.

Sole in the North Seais mainly caught by the beam trawl fleet working with 80 mm mesh
mixed with other species. An increasing number of the traditional beam trawl fleet is
switching to sumwing and/or pulse trawl. Other directed fisheries for sole are carried out
with gill nets and otter trawls. Bycatches of sole in other fisheries are small.

The Kingdom of the Netherlands is the dominant country in the fishery, often representing
70-80 percent of the total reported catch (Figure 3). In most years, the Kingdom of
Belgium is the second most important country. The Kingdom of Denmark, the French
Republic, the Federal Republic of Germany and the UK account for most of the remainder.

Figure 3. Sole: Official landings per country in subarea IV
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Source: ICES Advice June 2014. See Table A2 in the Appendix for detailed data.

2.1.2. Division Illa and Subdivisions 22—-24

The SSB in Division Illa and Subdivisions 22-24 (Skagerrak, Kattegat, and the Belts) has
undergone substantial  variation over time, with several pesks and troughs
(Figure 4). One observes peaks of 3 812 tonnes (1993) and 3 492 tonnes (2005); since the
latter, the stock has shown a downward trend, with 1 037 tonnes recorded for 2013.



According to ICES’, MSY Buigger 1S 2 000 tonnes with an associated Fysy of 0.30, while By,
is undefined. SSB has decreased since 2006 and has been below MSY Byigger Since 2008.
Fishing mortality has been around 0.36 since 2005. The last strong year class was the 2000
year class; since then recruitment has decreased to a historical low recruitment in 2013,

Sole istaken in amixed trawl fishery with nephrops, plaice and cod, the main season being
in autumn-winter. In addition there is adirected gillnet fishery for sole, mainly in Skagerrak
in spring and summer. After 1996, annua landings have varied between 500 and
1 000 tonnes, with a decline in recent years. Since 2012 annual landings have been less than
500 tonnes; in 2013, landings of 332 tonnes were recorded. Most of the catches are by
Danish fishermen; however, their share in the total landings has been decreasing in recent
years—in 2013 they represented 78 percent of the total (Appendix, Table A4).

Figure 4. SSB and landings, Division Illa and Subdivisions 22-24, 1990-2013
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Source: ICES Advice June 2014. See Table A3 in the Appendix for detailed data.

The ICES advises on the basis of the transition to the MSY approach that catches in 2014
should be no more than 353 tonnes. Discards are considered low. Even with this TAC, the
SSB is expected to remain below MSY Byigger in 2015.

2.1.3. Division VIId (Eastern Channel)

The SSB in Division VIld has shown great variability without a particular trend; however,
the SSB has shown an increase in recent years from 9 125 tonnes in 2010 to 13 370 tonnes
in 2013, the highest observed in the data series (Figure 5). Landings have been relatively
stable, fluctuating between 4 000 and 5 300 tonnes from 2001 (ICES catch; see Appendix).

According to ICES®, MSY Blrigger 1S 8 000 tonnes and so is By,, While Fysy is 0.29. The SSB
has been above MSY Byigger Since 2002. Fishing mortality has always been above Fysy.
Recruitment has been fluctuating without a trend.

5 Source: ICES Advice June 2014.
6 Source: ICES Advice June 2014.



Figure 5. SSB and landings, Division VIId, 1990-2013
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Source: ICES Advice June 2014. See Table A5 in the Appendix for detailed data.

Sole is mainly caught in 80 mm beam-trawl fisheries with plaice or in mixed demersal
fisheries using otter trawls and gill/trammel nets. There is also a directed fishery during
parts of the year by inshore trawlers and netters on the English and French coasts.

Under-reporting of catches and misreporting of sole into Division VIId and Division Vlle
was thought to be significant but this is now less of an issue. The French Republic records
the highest landings in Division VIId, followed by the Kingdom of Belgium and the UK,
with 65 percent, 22 percent and 14 percent, respectively, of ICES catch in 2013 (Table A6in
the Appendix). Inshore vessels (under 10 m) on the English and French coasts target sole in
spring and autumn. The inshore vessels take half the reported landings and sole forms their
main source of income.

The basis for management advice is the transition to the MSY approach, i.e., stage two of
the management plan. The stock isthen considered to have full reproductive capacity.

2.1.4. Division Vlle (Western Channel)

The SSB in Division Vlle increased from 2 432 tonnes in 1969 to a peak of 5 300 tonnesin
1980, the highest level ever recorded (Bjorndal and Munro, 2012). Since 1990, the stock
has shown variability (Figure 6). Spawning stock size declined from 3 198 tonnes in 2003
to 2590tonnes in 2008, the lowest level ever recorded. In the period
2001-2007, annual harvest exceeded 1 000 tonnes which does not appear to have been
sustainable. After 2007, annua harvests have been at alower level with 882 tonnesin 2013,
and the stock has shown some recovery. In 2013 the SSB stood at 3 489 tonnes.

According to ICES’, MSY Bligger IS 2 800 tonnes with Fysy 0.27 and B, 1 800 tonnes. SSB
has been around MSY Byigger for about two decades, with an increase since 2009.
Recruitment has been fluctuating without a trend. Recent year classes, since 2010, are
estimated to be below average. The stock is deemed to have full reproductive capacity
management now based on stage two of the management plan.

" |CES Advice June 2014.



Figure 6. SSB and landings for Area Vlle, 1990-2013
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Source: ICES Advice June 2014. See Table A7 in the Appendix for detailed data.

The principal gears are beam trawls, otter trawls and gillnets. Sole isthe target species of an
offshore beam trawl fleet in a fishery that also takes substantial catches of other species.
Otter trawlers and gillnetters take sole mainly as a bycatch, athough there is also afishery
targeting sole at spawning time. Discarding of sole is considered low. Sole is widespread
and usually taken in conjunction with other species to varying degrees. The most
productive fishing grounds are located close to port.

The UK has the largest share, with 60 percent of the TAC (ICES, 2014; see Appendix,
Table A8, for landings by country). In the the UK, sole is harvested by several gear types
but with beam trawlers taking the largest catches. This fleet is currently undergoing
restructuring to reduce capacity. This is aimed primarily at vessels that traditionally target
solein the Celtic Seaand Channdl.

Management of this stock is mainly by TAC. In 2005 effort restrictions were implemented
for beam trawlers. These restrictions have not been limiting this fishery despite the
decommissioning scheme, due in part to the large number of days available, but aso
because there appears to be some latent effort overcapacity in the the UK beam trawl fleet.
Since November 2008 the the UK  has been enforcing a single area licensing scheme which
has been effective in reducing UK catches. gillnets are the only other gear with effort
restrictions, but because of the nature of the fishery days at sea restrictions are ineffective.
The management regulations implemented on the sole fishery in this area include TAC,
days-at-sea restrictions, minimum landing size, and minimum mesh size. Local regulations
restricting certain gear and vessel types are also in place.

Sole in area Vlle is probably the only sole fishery that has been subject to economic
analysis and bioeconomic modelling. Bjgrndal and Bezabih (2008, 2010) estimated the cost
of harvesting for beam trawlers based on data spanning the 20012005 period at GBP 3 per
kg, a cost that is fixed and invariant with the use of effort. This cost per kg takes into
account variable and fixed costs, including depreciation and a normal return on capital. The
price of sole was increasing from about GBP 7.00/kg in 2005 to about GBP 8.00/kg in
2006. In other words, net profit per kg harvested was quite substantial.
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As reported in Bjgrndal and Munro (2012), the optimal stock level is 5 100 tonnes (based
on a discount rate of 3.5 percent). This calls for a very substantial investment in the stock,
which can only be achieved by reducing harvest below natural growth for a period of years.
This investment could give rise to fairly substantial rents in the fishery, provided fishing
effort is kept under controal.

It should be noted that most vessels harvesting sole also harvest a number of other species.
Thus, the economic performance depends on the status and management of severa stocks.
Nevertheless, sole isin economic terms by far the most important stock for these fishermen.

2.1.5. Total fisheries landings

Aggregate spawning stock biomass and landings per year for the four Northeast Atlantic
areas under consideration are given in Figure 7.

Figure 7. Total SSB and landings for the North Sea, 1990-2013
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Source: ICES Advice June 2014. See Table A9 in the Appendix for detailed data.

As for SSB, the development reflects that of area IV (Figure 2). The largest SSB —
104 490 tonnes - was observed in 1990. Subsequently, the stock was in overall decline to a
minimum level of 32574 tonnes in 1998. Since then, there has been substantia annual
variation; however, in recent years the SSB increased from 32 542 tonnes in 2007 to
66 767 tonnes in 2013. Landings show an overall decline over the period from
41 123 tonnesin 1990 to 18 742 tonnesin 2013.

In the Mediterranean, sole is part of multi-species multi-gear fisheries. On the whole, sole
catches by themselves are relatively small and vessels rely on alarge number of species for
their revenues and profitability. However, there are some artisanal vessels that from time to
time can catch about 100 kg a day, especialy between August and October (Lleonart,
Maynou and Salat, 2013).
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Figure 8. Annual capture production of sole in the Atlantic Northeast, Eastern
Central and the Mediterranean, 1990-2012
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Source: FAO.

The catches of the top 10 producers of sole as of 2012 are illustrated in Figure 9.
Throughout the period the Kingdom of the Netherlands recorded the highest catches,
declining from 20 900 tonnes in 1995 to 9 100 tonnes in 2012. Dutch landings in 2012
represented 28 percent of the total sole landings. The trend is very much in line with overall
catches (Figure 9). The French Republic is the second most important harvester, but with a
much more stable harvesting pattern than the Kingdom of the Netherlands. Catches in 2012
were 7 700 tonnes, 23 percent of the total sole landings, only sightly lower than those of
the Kingdom of the Netherlands. The other important countries in the North Sea are the
Kingdom of Belgium and the UK, with 3 000 and 2 000 tonnes in 2012.

Figure 9. Top 10 capture producers of sole in 2012
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The Kingdom of Morocco, the Republic of Italy, the Arab Republic of Egypt, the Republic
of Turkey and the Hellenic Republic are the most important harvesters in the
Mediterranean, with 2 270, 2 080, 2 060, 790 and 510 tonnes respectively. Sole landings
from Southern Mediterranean countries have increased significantly in the last two decades:
Egyptian catches increased from 500 tonnes in 1995 to 3 100 tonnes in 2011, decreasing to
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2 060 tonnes in 2012; landings from the Kingdom of Morocco were about 880 tonnes in
1990; while they were almost zero for the Republic of Turkey until the second half of the
2000s.

Indeed, this increase in the landings from southern Mediterranean countries can be seen
when comparing Figures 9 and 10, and Table A11 in the Appendix. The catches of the top
10 producers of sole as of 1990 are illustrated in Figure 10. For the main producers in the
North Sea — the Kingdom of the Netherlands, the French Republic, the Kingdom of
Belgium and the UK — the picture is the same as in Figure 10. In the Mediterranean,
however, there have been changes. In 1990 the Republic of Italy was the most important
country with a harvest of amost 6000 tonnes. By 2012 this had been reduced to
2 080 tonnes, and the Kingdom of Morocco with 2 270 tonnes had replaced the Republic of
Italy as the most important country. The importance of the Arab Republic of Egypt and the
Republic of Turkey has aso increased, achieving 2 060 and 790 tonnes, respectively.

Figure 10. Top 10 capture producers of sole in 1990
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3.

AQUACULTURE PRODUCTION OF SOLE

Sole is a new aguaculture species in Europe (Imsland et al., 2004). In the last three—four
years an expansion in farming of Senegalese sole has taken place with ambitious plans for
further growth. Most of the expansion has been within three companies with production
facilities in the Kingdom of Spain, the Portuguese Republic, the French Republic and the
Republic of Iceland. Within the next 3-4 years the production may exceed 5 000 tonnes.
Almost all production, actual as well as planned, takes place with shallow raceway system
technology in combination with re-circulation aquaculture system (RAS).

It appears that in the coming years almost all farmed sole production will come from
Senegalese sole, in part due to better growth at higher temperatures than for common sole
and since it takes place in southern European countries where Senegalese sole is found.
Senegalese sole (Solea senegalensis) is a flatfish of high commercial importance that is
indistinguishable by consumers from common sole (Solea solea), so it is rated as the same
species in marketing statistics. Sole is a species which enjoys high acceptance by the
consumer and which generally fetches high commercia value in European markets. Thus,
what the consumer perceives as sole is actually a mix of two almost similar species,
Senegalese sole and common sole.

Although interest in farming Senegalese sole intensively in southern Europe dates back to
the early 1980s, it has failed to reach successful commercial development until recently.
The reasons for this include lack of full control over spawning, poor fry quality and high
mortality rates during the weaning stage, all leading to juvenile scarcity for stocking
purposes. In addition, in the middle of the last decade, severe outbreaks of disease caused
an early set-back for the first producers of Senegalese sole. Bacterial infections were the
most important and frequent problems diagnosed as Pasteurellosis caused by
Photobacterium damselae ssp piscicida.

Farmed sole production was 11 tonnesin 1990 and 30 tonnes in 1995 (Figure 11). Although
there was variation from year to year, production did not start to expand until 2007 with a
production of 55 tonnes reaching 349 tonnes in 2010, down to 306 tonnesin 2011 and up to
343tonnes in 2012. In 2012, the French Republic produced 200 tonnes of Solea
senegalesis. In the Kingdom of Spain, 65 tonnes of Solea solea and 85 tonnes of Solea
senegalesis were produced in 2011, but only 95 tonnes of Senegalese sole and none of
common sole in 2012. In 2012, the production of common sole in the Portuguese Republic
increased to 45 tonnes. In addition, minor quantities were recorded for the Republic of Italy
and the Hellenic Republic (see Table A12 in the Appendix).
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Figure 11. Farmed sole production
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The implication of this is that currently almost al sole commerciaized comes from wild
harvest.

3.1. SOLE FARMING TECHNOLOGY

Perhaps one important reason for this new trend observed is the sharp increase in research
and development (R&D) on the species in the Kingdom of Spain and the Portuguese
Republic at the turn of the century. Much of the research has focused directly on topics
of great importance for the commercia production of the species. The key challenge has
been the lack of success with natural spawning of the cultured sole species, thus closing the
door 8to genetic programmes on the species. This situation has changed in the last few
years’.

For companies with an interest in farming of Senegalese sole, an overwhelming amount of
literature from the last 10 years is available and it gives answers to the most pressing
questions related to subjects such as maintenance of brood-stock, egg incubation, larval
rearing and protocols to achieve mainly high quality female juveniles for on-growing with
use of super-intensive farming technology. An initiative was taken by Dr. Bari Howell at
the Centre for Environment, Fisheries and Aquaculture Science (CEFAS) in the UK when
he organized the first Sole Workshop in 2002 in Weymouth, England. At that time
commercial interest in the farming of Dover sole or Senegadese sole was
close-to-zero. In paraléel with the successive workshops, interest from both scientists and
commercial companiesincreased (Howell et al., 2006, 2009, 2011).

3.1.1. Reproduction
Reproduction of Senegalese sole has been one of the main obstacles to its domestication.

There are severe problems in obtaining fertile spawning from the first cultured generation
of individuals, called F; (Oliveira et al., 2011). This has become a huge drawback, as

8 Most of the text is based on the Introducion to the doctoral thesis of Pablo Sanchez Fernandez
(Sanchez Fernéndez, 2012).
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brood-stock has to be collected continuously from the wild, as they gradually lose
reproductive performance in captivity.

Spawning of wild-caught brood-stock takes place naturaly in tanks, primarily from March
to July, with a secondary spawning in autumn. The egg fertilization rate is around 45-80
percent. Mating behaviour is similar for both sole species, with males swimming
underneath a female towards the surface with synchronized movements. Spawning takes
place after dusk preferably between 15 °C and 21 °C. Temperature and not photoperiod is
the crucial factor in gonadal development (Garcia-Lopez et al., 2006). Temperature may
aso be involved in sex differentiation, as the daily
thermo-cycles can determine sex ratios during larval development. This has an important
economic  implication since female solegrow faster than the male
(Blanco-Vives et al., 2011). It is as well possible to control spawning season for both sole
species, thus producing juveniles throughout the year. While wild-caught sole of both
species will spawn in tanks or basins in captivity and produce eggs of high quality, this
does not happen with sole produced in captivity. The missing factor seems to be related to
the F; males, since F; females might mate successfully with wild-caught males. Future
progress with male rearing could help solve the problem.

A crucia step in the rearing of an aguaculture species is the ability to control maturation
and, ultimately, spawning. Maturation of F; Senegalese sole females has been successfully
induced through hormonal manipulation and a detailed protocol for stripping of high
quality eggs  from Senegal sole  females has  been developed
(Rasines et al., 2012; Rasines, 2013). Fertilization is based on frozen sperm from
F1 males. Thus the cycle has been closed and genetic programmes have been initiated to
domesticate sole based on cultured generations for future selection of breeders to achieve
improvement in culture yields.

3.1.2. Hatchery and nursery

Good quality sole eggs will typically have more than 80 percent hatching of fertilized eggs
and more than 80 percent survival to settlement at the bottom at a size of 8 mm. Incubation
of Senegalese sole eggs lasts for approximately 42 hours between 18 °C and 20 °C, with
dlight aeration and water renewal until hatching. Light-dark photoperiods are essential for
the correct hatching and development of eggs and larvae. Light-dark cycles using blue light
illumination maximize hatching rate (>90 percent), growth and development speed. Newly
hatched larvae at a size of about 3 mm are stocked at 30 to 100 individuals per litre and
reared in cylindro-conical tanks at a temperature ranging between 18-21 °C and at salinities
between 33-35%0. Larval rearing using green water technology is common (Concei¢éo et
al., 2007).

Senegalese sole larvae suffer a radical metamorphosis during the first 20-30 days after
hatching (DAH), involving the migration of the left eye and the transition from a pelagic
life to settlement at the tank surface, wall or bottom. Subsequently the post-larvae are
transferred to nursery tanks and stocked at 3000 individualsm® under 12D:12L
photoperiods at illumination intensities lower than 400 Ix. Feeding takes place 2—4 times a
day during light hours. At 40 DAH, larvae measure 16+0.8 mm. growth rates of larvae and
post-larvae vary greatly depending on culture conditions. The growth potential of Sengalese
soleisillustrated by sole stocked as un-weaned juveniles which may reach more than 400 g
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in earth ponds after one year. In tank farming you need another year to achieve that size,
even at optimal temperature for growth.

An important problem that faces larval rearing based on Artemia is the occurrence of
deformities and pigmentation abnormalities that are observable in varying degrees in many
facilities. Most commercial farms have to expel from production as much as 50 percent of
the nursery fish due to these defects (Gavaia et al., 2002). When fed natural zooplankton,
these problems otherwise observed when feeding with Artemia and rotifer will not occur.
Thus the metamorphosed sole will have no deformaties, normal pigmentation of the skin,
normal eye movement during metamorphosis, easy weaning to formulated diet and no
stress-related mortality when moved from hatchery to nursery.

Nutritional requirements for sole larvae are till poorly known, and one expects future
progress to reduce the proportion of juveniles to be sacrificed (Concei¢éo et al., 2007). One
element is that the requirements of DHA in Senegalese sole are low compared to other
pelagic larvae; this may be related to a predominance of EPA instead of DHA in the benthic
faunathat constitutes settled larvae food items in the wild (Villaltaet al., 2005). Co-feeding
- that involves offering growing amounts of inert feed together with live prey at some point
of the larval rearing — has aso been shown to improve the quality of post-larvae when
transferred to the nursery (Gamboa-Delgado et al., 2011).

3.1.3. On-growing

On-growing of sole is carried out with two major strategies: the use of earth ponds in the
southern part of the Kingdom of Spain and the Portuguese Republic and tank farming
(Dinis et al., 1999). However, the new enterprises are all based on tank farming and with
use of stacked shallow raceways in racks with 4 or more levels.

3.1.3.1 Environmental conditions

The optimal rearing temperature of Senegalese sole is considered to be at around 20 °C all
considered, athough better growth can be achieved at higher temperature, but with
increased risk of disease outbreak (Costas et al., 2011). Common sole may be kept at
1-2°C lower temperature. With use of RAS, these temperatures can be kept on a yearly
basis.

Sole species are euryhaine and can thus be farmed within a wide range of salinities from
10%o to 38%o (Salas-Leiton et al., 2008). Both species have a clearly nocturnal activity
pattern, with locomotor activity peaking in the first part of the dark period, and
progressively decreasing during the night. In fully controlled farming conditions the sole
species can be offered night conditions during daytime to facilitate the farming routines,
either as photoperiods of 12L:12D or simulations of the natural photoperiod, but with low-
intensity blue light during day-time (Valente et al., 2011). Adjusting feeding schedules to
the nocturnal rhythm requirements of sole may improve growth in culture and the fish may
show better specific growth rate (SGR) and feed conversion ratio (FCR) and may have
lower stress level. Senegalese sole displays clearly nocturnal
self-feeding patterns under farming conditions, with about 80 percent of feed demands
occurring at night. Therefore, feeding during daytime could be incompatible with the
natural feeding rhythm of sole species (Boluda Navarro et al., 2009).
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3.1.3.2. Nutrition

Soles display nocturnal feeding habits, and thus rely heavily on olfaction and other
chemotactic stimuli for food-search behaviour. When whole homogenates of polychaetes
are added to commercial feeds, the food search activity will increase. Polychaete
homogenates and sgquid meal added to the feed are acting as attractants or improving feed
palatability in both Senegalese and common soles. This indicates that both sole species
need specially designed pellets to increase food intake and thus achieve a higher SGR
(Branco et al., 2010; Silva et al., 2010). It has also been shown that sole species should
have alower level of crude fat than other farmed species, with a recommended level being
8-10 percent. Thisis another reason for a specially designed sole diet (Borgeset al., 2009).

As a carnivorous species, sole needs a high percentage of protein in its diet and the
recommended level is above 50 percent with 55 percent crude protein as an optimal level.
Combining  adequate plant protein  sources with  the inclusion  of
palatability-enhancing feed ingredients, such as squid meal or fish protein hydrolysate has
been proved to be effective in Senegalese sole in terms of growth, survival and feed intake
(Remaet al., 2008, Norambuena, 2012).

It has also been demonstrated that fish meal can be replaced by plant-source protein without
any negative effect on growth, provided that dietary amino acids are balanced, adding
crystalline indispensable amino acids when necessary and improving feed palatability with
squid meal. Substitution of fish meal by plant protein does not have major effects on lipid
content, fatty acid profile and volatile compounds composition of the sole’ s muscle.

3.1.3.3. Growth

The female has a higher growth rate than the male for both sole species (Imsland et al.,
2004). Thus actions should be taken during larval rearing to achieve a far higher rate of
females than males. With standard procedure the opposite has been observed for both
species with 80 percent males and only 20 percent females. Females will typically reach
about 400g after 24 months while males should be harvested at less than 200g
(Valenteet al., 2011).

It is important not to undertake abrupt increases in fish density since the fish may stop
feeding for months, while a gradua increase in fish density has no negative impact.
Stocking of tanks should thus be below 100 percent of bottom cover while subsequently the
density may pass 200 percent bottom cover — or more than two layers of sole.

3.1.3.4. Stocking density

Stocking density has been demonstrated as a crucia variable of the growth performance of
cultured fish. In soleid fish contradictory results on how density affects growth have been
given by different authors. Significant effects of density on growth have been found for
common sole stocked at six densities between one kg and 13 kg/m? for 55 days. SGR
decreased with increasing stocking density (Schram et al., 2006).

In contrast, for Senegalese sole at four stocking densities between 2 kg and 30 kg/m? during

60 days, no significant differences in biomass production or growth rates were observed,
concluding that Senegalese sole is compatible with high densities under intensive culture
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(Salas-Leiton et al., 2008). However, higher plasma cortisol levels have been found and
less free amino acids (FAA) in fish held at higher densities, indicating higher stress levels,
accompanied by higher occurrence of pathologies. Stocking soles at high density (30
kg/m?) increased stress 45-fold compared with fish stocked at low density, as shown by
higher cortisol levels and by lower expression of some immune response-associated genes,
but it did not affect growth. In fact, handling or induced stress did not affect growth of
juvenile soles, although stressed fish showed higher levels of cortisol, plasma glucose and
lactate levels (Salas-Leiton et al., 2010).

3.1.3.5. Size variability

Large size variation is an important issue in the farming of both sole species. Size variation
in sole usually increases with time, leading to higher differences between fast and slow
growers. Apparently, Senegalese sole does not show aggressive behaviour under culture
conditions and larger-sized individuals do not monopolize the food source when stocked in
ungraded conditions, where smaller fish usually access feed earlier (Salas-Leiton et al.,
2010).

All populations tended to reach the same size variation regardless of whether or not they
were graded. It seems group heterogeneity improves overal growth in sole, probably
associated with more efficient social arrangements. This may suggest that there is a strong
social effect behind growth of soles  under culture  conditions
(Salas-Leiton et al., 2011).

3.1.4. Expected future improvements in sole farming

The genetic selection programme may within a few generations improve performance of
Senegal sole in culture. These improvements may include higher growth rates at al stages,
less stress of fish at high farming density due to domestication, a far smaller part of the
population experiencing stunted growth as a result of selection for fast growth, almost
exclusive farming of females that grow faster due to improvements of larval rearing
methods, perfect pigmentation and no deformities in post-larvae, no
stress-related mortality during transfer from hatchery to nursery and no need for grading of
fish during culture.

3.2. COST OF PRODUCTION

In this section, we will analyse a farm with an annua production capacity of 350 tonnes.
The technology used is that of shallow raceways (Jiestad, 1999) which has proved
cost-effective e.g. in turbot farming (Bjegrndal and @iestad, 2010). Kamstraet al. (2001) say
this technology is*very relevant” for sole species.

The current production of farmed sole is very small and with only a few active farms in
business. Moreover, technologies in use differ from what is analysed in this report.
Accordingly, knowledge about important variables and parameters such as growth and
mortality is limited. Also, the market for juveniles is very “thin” which means it is
impossible to observe market prices.

Assumptions about economic and biological parameters are based on information from
project partners, Garcia Garcia and Garcia Garcia (2006), Kamstra et al. (2001) and
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meetings with farm representatives and other industry sources. The methodology is based
on Asche and Bjgrndal (2011). A number of sensitivity analyses will be undertaken.

We start by presenting the production plan. Details regarding the growth curve, biomass
growth, feeding and feed costs are given in the Appendix, Table A14.

3.2.1. Production plan

Fish size: from5gto 350 g

Production period: Release of 5 g juvenilesin month O, with
harvest in month 18.

The growth curveisillustrated in Figure 12.

Figure 12. Growth curve for sole

400
350
300 /
200 /
150 /
100 /
50 /
0 /

01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18

Grams
N
Ul
o

Month

Production Costs and Outputs

No of fry released, month O 1.1 million

Mortality: 1% months zero and one, subsequently
about 0.5% per month; 1 000 000 fish
harvested in month 18. This gives atotal
mortality of 9.1% over the lifecycle.

Annual production:; 350 tonnes

Feed conversion ratio: 11
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Variable costs

Feed cost per kg EUR1.40

Cost per juvenile EUR 1.20

Number of workers 8

Wage cost per worker EUR20 000/year

Electricity, gas, water and other operating EUR 400 000/year

costs

Maintenance 2% of total investment (excluding land)

Interest on working capital 10%

Insurance cost (fish stock) 3% of value of standing stock in any
given year

3.2.2. Investments

As noted above, we will assume that the technology selected is that of raceways, as further
developed in this project. Farm investments are given in Table 1. Land is estimated at
EUR 200 000, buildings a8 EUR1850000 with equipment and machinery at
EUR 2400000. This gives total investment of EUR 4550000 or EUR 12.60 per kg
production capacity for an annual output of 350 tonnes.

For the estimation of the annual interest and depreciation charge, the lifespan (amortization
period) of the building is set at 20 years, while equipment and machinery are supposed to
have an average lifespan of 17 years. The interest rate is set at 7 percent. The interest rate
should be based on what investors in the industry require in terms of return on their
investments as well as the riskiness of the project. On this basis, the assumption about
interest rate appears reasonable. The interest rate on working capital was set at 10 percent.
Working capital is often financed out of a line of credit. It is therefore natural that the
interest rate will be higher than for long term investments.

The annual interest and depreciation charge is calculated according to the annuity principle,
so that the annual charge is constant over time. In a sense, this corresponds to renting the
land and leasing the building and capital equipment. Annual fixed costs amount to
EUR 434 400.

Table 1. Farm investment

Investment Amount | Amortization Annual interest
EUR period and depreciation
charge” EUR
Land 200 000 None 14 000
Building 1 850 000 20 years 174 600
Equipment and machinery 2 400 000 17 years? 245 800
Tota 4550 000 - 434 400
Investment per kg production 12.60 -
capacity

9 Raceways etc., representing 80 percent of investment cost, have a lifespan of 20 years. The
remaining 20 percent (pumps and electrical equipment) have alifespan of five years. This gives
an average amortization period of 17 years.

B The annuity factor with 7 percent interest over 17 yearsis 0.10243; over 20 years it is 0.09439.
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EU-investment grants may amount to 60 percent of building, equipment and machinery.
This has been disregarded for now but will be considered later as part of the sensitivity
analyses.

Other fixed costs:

Management 1 manager
Management cost per year EUR 75 000 (including salary for manager)
Facility insurance 0.5% of value of initial investments in building,

equipment and machinery

With this background, we proceed with analysis of cost of production of what we consider
the “base case”.

3.2.3. Cost of production

To analyse cost of production, a steady state situation is assumed, i.e., the farm is fully
operational. A farm may release several batches of juveniles in a year so as to have
harvestable fish throughout the year. Provided the pattern of releasing and harvesting fish
remains unchanged over time, the total amount harvested in one calendar year will be the
same as the harvest from one year class (Asche and Bjgrndal, 2011). For this reason, we
can base the analysis on consideration of one year class.

It may take several years to develop a sole farm until it reaches full production. Cash flow
planning is essentia for this process (Asche and Bjerndal, 2011); however, the focus of
attention for thisanalysisis afully operational plan.

Table 2 gives annual costs as well as average cost per kg. Interest on working capital is
included as a variable cost. This is because of the long production period for sole;
throughout this period capital is tied down in the production process. In addition to cost of
juveniles, working capital consists of feed, operating, labour, maintenance and management
costs. While cost of juveniles is incurred throughout the period, other costs are for
simplicity assumed to be incurred in alinear fashion over the 18 month production period.

Insurance cost for fish is set at 3 percent of the value of the standing stock in any given year
which is set as equal to the cost of juveniles and average feed costs.
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Table 2. Annual costs and average cost

Cost category Annual costs Average cost
(EUR) EUR /kg
Variable:
- Juveniles 1320 000 3.77
- Feed 530500 1.52
- Operating 400 000 114
- Labour 160 000 0.46
- Maintenance 85 000 0.24
- Interest on working capital 291 800 0.83
- Insurance 47 600 0.14
Sum of variable costs 2834900 8.10
Fixed costs:
- Interest and depreciation on 434 400 124
investments
- Management 75 000 021
- Insurance, building and equipment 21 250 0.06
Sum fixed costs 530 650 152
Total cost 3 365 550 9.62

Total annual costs amount to EUR 3 365 550, of which variable costs represents 84 percent
and fixed costs 16 percent. Average cost of production is EUR 9.62/kg. Cost of production
is largely driven by juvenile costs which are EUR 3.77/kg or slightly more than 39 percent
of cost of production. A lower juvenile cost will also reduce interest on working capital and
insurance. Feed is the second most important cost component with EUR 1.52/kg or
15.8 percent of cost of production. Operating, labour and maintenance costs combined
amount to EUR 1.84/kg or 19.1 percent of cost of production. Interest on working capital,
with EUR 0.83/kg or 8.6 percent of cost of production, is fairly substantial. This is a
reflection of the long production period in which capital is tied down in fish. Interest and
depreciation on investments are EUR 1.24/kg or 12.9 percent of cost of production. Thisis
afairly small share of cost of production, indicating limited economies of scale. Thisis due
to the ability to add more raceways at a limited investment cost.

For comparison, in salmon aguaculture, the cost share of juveniles (smolts) is 12 percent,
feed 54 percent, while financia cost and depreciation represent 10 percent (Asche and
Bjerndal, 2011). The main trendsin cost of production for farmed salmon is that, over time,
the juvenile cost has come down, both in absolute and relative terms due to better quality of
juveniles giving improved growth and reduced mortalities. Similarly, the cost share of
interest and depreciation has come down due to increased production and improved
efficiency. The cost share of feed, on the other hand, has increased substantially. The feed
quality has improved, while the feed conversion ratio has decreased.

While the technology in samon farming is different from that of sole, we would

nevertheless expect to witness similar qualitative trends over time as the farming of sole
expands.
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3.2.4. Sensitivity analyses

As noted in the introduction, due to the limited production of sole, there is uncertainty
about many variables and parameters. For this reason sensitivity analyses will be
undertaken for different values of important parameters. The results will be compared with
what we have called the base case, as presented above. In most instances, only one
parameter will be changed so that the importance of a particular parameter on cost of
production will be highlighted. Results from the sensitivity analyses are presented in Table
3.

As mentioned, EU grants may be available for investments in the aquaculture industry. This
could represent an important incentive for new entry to this industry. We will here assume
the maximum 60 percent grant is achieved for investments in building, equipment and
machinery. Accordingly annual interest and depreciation charges will be reduced, and cost
of production declines to EUR 8.90/kg, a 7.4 percent reduction compared to the base case.

Juveniles represent the largest cost share. We will consider the case where the cost per
juvenile is reduced to EUR 0.90, a 25 percent reduction compared to the base case. This
leads to a reduction in average cost of production to EUR 8.50/kg, an 11.6 percent
reduction. Juveniles now represent 33 percent of the cost of production as compared to
39 percent in the base case. This reduction is due not only to lower juvenile costs, but aso
to reduced working capital and interest on standing stock.

Table 3. Sensitivity analyses: cost of production for various alternatives

Average cost | Change compared to
(EUR /kg) base case (%)

Base case 9.62 -
60% EU investment grant 8.9 -7.4
Cost per juvenile = €0.90 8.5 -11.6
Feed cost = €1.26/kg 9.36 -2.8
Annual operational costs = €600 000 10.23 +6.3
60% inv. grant, juvenile cost = €0.90, feed 8.16 -15.2
cost = €1.26/kg, annual operational cost =
€600 000
60% inv. grant, juvenile cost = €0.90, feed 7.53 -21.7
cost = €1.26/kg

We aso consider the case of a 10 percent reduction in the feed cost to EUR 1.26/kg. This
gives rise to a cost of production of EUR 9.36/kg, a 2.8 percent reduction. In addition to
lower feed costs, this case involves slightly lower working capital and interest on standing
stock. A 10 percent reduction in the feed conversation ratio would give exactly the same
result.

Operating, labour and maintenance costs are important variable costs of production. As the
technology is still fairly new, we will consider the case of higher variable costs. This could
also be due, for example, to an increase in energy costs. Specifically, we will consider a
50 percent increase in annual operating costs to EUR 600 000. This gives rise to a cost of
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production of EUR 10.23/kg, a 6.3 percent increase compared to the base case. In addition
to increased operating costs, interest on working capital also increases.

Next we will consider two scenarios that involve simultaneous change in severa
parameters. First will be the combination of all the changes that have been considered,
namely a 60 percent investment grant, a juvenile cost of EUR 0.90 and a feed cost of
EUR 1.20/kg while annual operating costs are set at EUR 600 000. With all these changes,
the cost of production becomes EUR 8.16/kg, a 15.2 percent decrease compared to the base
case. Second, we consider a 60 percent investment grant, a juvenile cost of EUR 0.90 and a
feed cost of EUR 1.20/kg (thus annual operating costs are set at EUR 400 000). In this case,
the cost of production becomes EUR 7.53/kg, a 21.7 percent reduction compared to the
base case. In this case, juveniles represent 37.6 percent of cost of production, as compared
to more than 39 percent in the base case.

Juveniles represent the largest cost share with more than 39 percent in the base case, and a
reduction in their price will be important for a reduction in the cost of production. As for
the other parameters considered, there is limited sensitivity to the change in individual
parameters. On the other hand, the combined effect of changes in several parameters on
cost of production can be quite substantial.

3.2.5. Other studies

Only few studies on cost of production in sole farming are available and most of them are
somewhat dated. Moreover, most are for other technologies than raceways. For these
reasons, they are not directly comparable with the current analysis. Nevertheless, we will
present some results from previous studies.

Kamstra et al. (2001) used a bioeconomic model to analyse farming of S. senegalensis in a
recirculation system. A case study was performed for a farm producing 50 tonnes/year,
where an average fish needs 17 months to grow from 5 g to 300 g. Productivity was fairly
low with 35 kg/m?year. Average cost of production was EUR 7.59/kg. Adjusting for
34 percent inflation from 2000 to June 2014°, this would correspond to EUR 10.18/kg in
2014, somewhat higher than in our base case.

As for individual costs, fingerlings — based on release of 59 juveniles - represent
EUR 1.42/kg, which is considerably less than in this study. Feed represents EUR 1.36/kg,
operating costs (electricity, oxygen, gas, water) amount to EUR 1.15/kg and capital costs
(interest and depreciation) amount to EUR 1.53/kg. In particular the low juvenile cost
represents a very optimistic assumption. With the same assumption about juvenile costs as
in our analysis, cost of production would have been considerably higher.

Garcia Garcia and Garcia Garcia (2006) point out that sole aquaculture has attracted great
interest in recent years, both at the research and commercial level. Thisis particularly true

® It is not evident which price index should be used to correct for inflation. For simplicity, the
Consumer Price Index (CPI), which increased from 87.06 as average for 2000 to 116.76 in

June 2014, is used. See:

http://statline.cbs.nl/StatWeb/publication/?DM=SL EN& PA=71099eng& D1=a& D2=64,77,90
,103,116,129,142,155,168,181,194,200-239& LA=EN& HDR=T& STB=G1& VW=T
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in Spain and Portugal since the species’ rapid growth and high price provide a tremendous
commercial opportunity.

Garcia Garcia and Garcia Garcia (2006) analyse the development of aland based farm with
tanks for the farming of S. senegalensis. The production is based on the release of 5¢g
juveniles which are harvested when they reach 400 g. Four aternative farm sizes are
considered with an annual output of 100, 200, 300 and 400 tonnes, respectively. Investment
costs, excluding land, vary between EUR 2.15 million (100 tonne capacity) and EUR 3.37
million (400 tonne capacity). This implies somewhat lower investments than in our case
(Table 2), mainly dueto the use of adifferent technology.

In their study, the feed conversation rate is set a 1.2, dightly higher than in the current
study. The feed price’ is set at EUR 1.24/kg. With a 90 percent survival rate, which is
close to what we have assumed, feed cost becomes EUR 1.90/kg - somewhat higher than in
our case. The share of feed in total cost varies between 19 percent (100 tonne farm) and
24 percent (400 tonne farm) which is higher than in our analysis (15.8 percent). The price
of 5-10 g juveniles was set at EUR 0.83/unit. Once more with a 90 percent surviva rate,
the juvenile cost becomes EUR 2.78/kg, lower than in our analysis. The share of juveniles
in total cost varies between 30 percent (100 tonne farm) and 40 percent (400 tonne farm)
while it is 39 percent in our base case. It must be borne in mind that in Garcia Garcia and
Garcia Garcia (2006) the harvest weight of sole is 400 g as compared to 3509 in our
analysis.

Average cost is EUR 8.43/kg for the 300 tonne farm as compared to EUR 8.24/kg for the
400 tonne form, indicating limited economies of scale. When correcting for 21 percent
inflation from 2005 to May 2014™, this becomes EUR 10.20/kg for the 300 tonne farm and
EUR 9.97/kg for the 400 tonne farm which is somewhat higher than in our base case.

Howell et al. (2009), providing an overview over the status of sole farming in Europe while
not presenting a cost analysis as such, state that juvenile production is based on orders only.
Thus, there is no ordinary market for juveniles and market prices are not easily available.
They quote a juvenile price of EUR 1.00 for a 5 g fish, which is dightly less than in this
study. Also, Howell et al. (2009) note that juveniles represent up to 30 percent of
production costs, again lower than in the base case.

Overall, while the studies represented are somewhat dated, and generally based on different
technologies than in our case, they nevertheless give credence to the results forthcoming
from our analysis.

3.2.6. Analysis

According to Schram et al. (2006), Dover sole (Solea solea) is a relatively slow growing
species and demands relatively low stocking density. As aresult optimization of production

1%1n Garcia Garcia and Garcia Garcia (2006), this price and the price of juvenilesis given inclusive of
VAT. Here, the prices have been corrected for VAT, which is appropriate, assuming a 21 percent
VAT rate.

1 |n the Kingdom of Spain, the average CPI for 2005 was 86.209, while in May 2014 it was 104.299.
Source: INE, National CPI base 2011. http://www.ine.es/jaxi T3/Tabla.htm?=2559.
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is important to sustain economic feasibility of farmed sole in land based systems. These
considerations also apply to Solea senegalensis.

Howell et al. (2009) state that when quality issues relating to juveniles are resolved and
demand — and thus production - increases, cost of production is likely to come down.
Hatchery production is still at a very low level, and there are certain issues to be overcome
in terms of weaning and feeding. Over time these will be reduced so that mortality will be
reduced. Consequently, cost of production will decline.

The high cost of juvenilesis due to the state of domestication of the species and the current
scale of operations. With greater domestication, reproduction will improve. Moreover, the
scale of production must be increased so as to reduce unit cost of production. Thus, the
juvenile cost will come down over time.

On-growing is also still at avery low level. With more experience, the feed conversion ratio
is likely to come down. The feed conversion ratio must be reduced to a level closer to one.
This can be achieved with improvements in efficiency. Moreover, with larger production,
the feed price will come down. Better and more specialised feed will be produced so that
the quality of feed islikely to improve as has been the case for other farmed species (Asche
and Bjgrndal, 2011).

Thus, there are several reasons why cost of production islikely to come down as production
expands. Moreover, the technology used does involve certain economies of scale. In a
raceway system, as production capacity isincreased, this will reduce investment cost per kg
production capacity and reduce capital costs (interest and depreciation) per kg produced.
Similarly, management cost per unit produced will come down. Overall, for the case of sole
aquaculture, the most important factor is that juvenile costs are likely to come down. This
will take place through larger hatchery production with improved quality of juveniles. As
production is expanded, and more firms enter the hatchery sector, cost of production will
come down.

In sum, cost of production can be expected to come down, as the industry expands. This
reduction in cost of production that is possible with the farming technology under
consideration is likely to be quite substantial and will be very important for the future
development of the industry.
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4,

PRICE AND MARKET DEVELOPMENT FOR SOLE

41. MARKETS FOR SOLE

As shown in section one, aimost all sole marketed is wild (about 98 percent). As noted,
there are two types of sole. S. solea, or Dover sole, may be preferred in northern European
countries while S. senegalensis may be preferred in southern European countries. Having
said that, the quality is quite similar, and the market may not be able to really distinguish
between the two.

More than 75 percent of the sole landings come from the Atlantic Northeast (North Sea),
while landings from the Mediterranean and Atlantic Eastern Central represent 17 percent
and 7 percent, respectively (FAO, 2014). Landings show an overall declining trend over the
period analysed, from 66 553 tonnes in 1994 to less than half in 2013 (31 377 tonnes).
Almost all landings correspond to common sole, with only 60 tonnes of Senegalese sole
recorded for 2012.

In 2012, total sole landings amounted to 32 086 tonnes. The five most important EU
countries in terms of sole landings were the Kingdom of the Netherlands (9 085 tonnes), the
French Republic (7 695 tonnes), the Kingdom of Belgium (3 055 tonnes), the Republic of
Italy (2081tonnes) and the UK (1988 tonnes). Sole landings from the Kingdom of
Morocco and the Arab Republic of Egypt accounted for 2271 and 2 063 tonnes,
respectively (FAO, 2014).

When it comes to farmed production, production did not start to expand until 2007 to reach
349 tonnes in 2010; since then it has been fluctuating around 300 tonnes, achieving
343tonnes in 2012. In 2012, the French Republic produced 200 tonnes of Solea
senegalesis. In the Kingdom of Spain, in 2011 85 tonnes of Solea senegalesis and 65 tonnes
of Solea solea were produced; in 2012 the production was 95 tonnes of Senegalese sole and
no S. solea (FAO, 2014). Other farmed sole producers include the Portuguese Republic
with minor quantities from the Republic of Italy and the Hellenic Republic. According to
Howell et al. (2009), most farmed production is from on-shore tank systems, either shallow
raceways or conventional tanks, often in conjunction with recirculation systems.

Sole is sold in different markets in actual or potential competition with numerous other
whitefish including lemon sole, plaice, turbot, sea bass and bream, hake, monkfish and
others. Lemon sole, plaice, hake and monkfish are only available as wild product. Sole,
tubot, sea bass and sea bream, on the other hand, are available wild and farmed, although
farmed quantities are limited for turbot and even more so for sole.

Landings of lemon sole (Microstomus kitt), which is a flatfish substitute for sole even if it
does not belong to the Solea family, were 9 500 tonnes in 2012 in Europe, the lowest
guantity observed (FAO, 2014). Main landings in 2012 were from the UK (2 846 tonnes),
the Republic of Iceland (1 614 tonnes), the Kingdom of Denmark (1 451 tonnes) and the
French Republic (1 065tonnes). Spanish landings that were the largest in 2011
(2 206 tonnes), however, decreased abruptly to 189 tonnes in 2012 for reasons that are not
known. Euopean plaice (Pleuronectes platessa) and turbot (Psetta maxima) are also flatfish
species. European plaice landings were dlightly more than 100 000 tonnes in 2012. The
Kingdom of the Netherlands with 32258 tonnes, the Kingdom of Denmark with
21 366 tonnes and the UK with 18 742 tonnes represented more than 72 percent of total
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plaice landings. Turbot landings were more than 5 800 tonnes in 2012, with 1 740 tonnes
from the Kingdom of the Netherlands, 800 from the French Republic, 755 from the UK and
710 from the Kingdom of Denmark. Turbot farmed production is reported to be
77 100 tonnes in 2012, however of this 64 000 tonnes come from the People’ s Republic of
China, and it is uncertain if this production realy belongs to Psetta maxima. Other
producing countries in 2012 were the Kingdom of Spain with 7 750 tonnes and the
Portuguese Republic 4 400 tonnes.

Between wild and farmed product, many consumers have a preference for wild, although
this also depends on price and other attributes such as size and quality. Farmed fish may
have a better appearance and look fresher than wild. Nevertheless, many consumers still
prefer the wild variety. In addition, the various species are sold as fresh, chilled or frozen
product. As an example, plaice is mostly sold frozen, athough thisis different for different
Species.

As noted above, most of the sole marketed iswild. Due to declining stock sizes, the average
size of wild sole has been declining. Soleis sold to supermarkets and to the hotel, restaurant
and catering (HORECA) sector. Restaurants naturally prefer larger sizes. HORECA want
larger sized fish, generally 400-600 g. Fast growing fish can be selected for this purpose.
As production expands, more of the sales are likely to go to supermarkets. This necessitates
higher production volumes in order to meet the needs of large buyers. The small fish, on the
other hand, will compete with wild product and fetch a lower price. A potential advantage
of farming is that operators are able to provide a more stable supply over the year also in
order to meet seasonal demand.

Although in the case study in section three we only considered an (average) fish size of
35049, in redity farms will be able to produce fish of different sizes. As production
expands, farmers will more and more be able to supply the fish sizes that are preferred by
the market. In this way it is possible for producers to adapt to different market niches that
require different sizes of fish. One may also differentiate between markets for luxury
products and normal products. This may be according to size, as large fish typically fetch a
substantially higher price per kg than small fish, but it could also be according to other
quality attributes.

Total sole imports to the EU were about 40 000 tonnes in 1995, falling gradually to dightly
less than 34 000 tonnes in 2007 (Figure 13). The subsequent years showed greater
variability, with a peak of ailmost 36 000 in 2010, falling abruptly to less than 22 000 tonnes
in 2011. In terms of product form, fresh or chilled imports are more important than frozen;
for example, in 2011, fresh/chilled and frozen imports were 14 000 tonnes and
7 000 tonnes, respectively (Appendix, Table A15).
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Figure 13. Total EU imports and exports of sole, 2000-2011
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Exports peaked in 1995 with almost 37 000 tonnes (Appendix, Table A16). In recent years
they have declined from 31 000 tonnes in 2004 to 21 000 tonnes in 2011. Exports of fresh
or chilled product are more important than frozen ones. Since 2000, annual net imports
have shown great variability, ranging from a minimum of 500 tonnes (2011) to a maximum
of 14 000 tonnes (2010). Most of the trade is among EU countries, with net imports
originating in Mediterranean countries not part of the EU.

In terms of the most important countries, in 2011, the top four countries — the Kingdom of
the Netherlands, the French Republic, the Republic of Italy and the Kingdom of Spain —
combined accounted for 90 percent of fresh/chilled imports, while in the same year the
Kingdom of Spain and the Republic of Italy accounted for 95 percent of frozen imports
(Appendix, Tables A17 and A18). On the export side, the Kingdom of the Netherlands, the
French Republic, the Kingdom of Belgium, the UK and the Kingdom of Denmark
accounted for 90 percent of fresh or chilled exports. In terms of frozen product, the
Kingdom of the Netherlands alone accounted for 71 percent of exports (Appendix, Tables
A20 and A21).

When we consider total sole supply, i.e., domestic production plus net imports, important
markets for sole include the Kingdom of Spain, the French Republic, the Republic of Italy
and the UK. Sole is mainly sold as an unprocessed product (i.e., whole fresh) in
Mediterranean countries such as the Kingdom of Spain and the Portuguese Republic. In the
Kingdom of Belgium, the French Republic and the UK there is also demand for processed
products, in particular fillets. More detailed information is only available for the Kingdom
of Spain.

Lemon sole imports are quite modest with 627 tonnes in 2010, down to 282 tonnes in 2011,
all of which was frozen product. Frozen lemon sole exports were more than 400 tonnes in
2010 and 2011, which is small compared to common sole (see Tables A19 and A22 in the
Appendix). Other relevant net imports of flatfish correspond to fresh/chilled megrim, frozen
and frozen fillets of European plaice, fresh/chilled Greenland halibut and fresh/chilled and
frozen Atlantic halibut.
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4.2. EX-VESSEL PRICES

In this section we will look at the development in prices over time. Thiswill be done on the
basis of prices from different sources.

For the UK, average annual ex-vessel prices are available from 2000 onwards (Appendix,
Table A23). In recent years, the price increased from GBP 7.15/kg in 2008 to GBP 8.58/kg
in 2011, presumably in response to a decline in harvest. However, in 2012 the price
declined to GBP 8.12/kg with a further drop to GBP 7.30/kg in 2013.

When the prices are converted into Euros (Figure 14), there is less variation from year to
year. The price peaked at EUR 11.35/kg in 2006, then felt to EUR 8.22/kg in 2009. For
2010-12 the price showed a dlight upward trend, with EUR 10.12/kg recorded for 2012,
however, falling to EUR 8.60/kg in 2013.

Figure 14. Average price of sole landed by UK vessels in the UK, 2000-2013,
live weight
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Source: Marine Management Organisation (2014).

As highlighted above, the Kingdom of the Netherlands has the highest catches of sole, in
particular from Subarea IV. Ex-vessel prices are available from 2003 onwards. These are
for five different size classes for the period 2003—2013, where 1 is the largest and 5 the
smallest™ (Figure 15 and Table A24 in the Appendix). There are substantial variations in
prices over time, with price peaks in 2007 and 2012. Prices for the larger size classes
(1 and 2) are substantially higher than for the lower weight classes (4 and 5). Nevertheless,
qualitatively the trends over time on the whole are fairly similar for the different size
classes. The peak in 2012 is believed to be in response to supply as the Dutch quota for the
year was not fully used. Landings in 2013 increased substantially compared to 2012 due to
increased stock size and probably improved fishing efficiency of the fleet.

12 5ize classes are defined as follows; 1: 38+ cm. 2: 33-38 cm. 3; 3033 cm. 4: 27-30 cm.
5:24-27 cm.
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Figure 15. Ex-vessel sole prices by size class for the Kingdom of the Netherlands,
2003-2012
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Source: Wageningen UR database.

The Dutch prices are more volatile than those of the UK, presumably due to larger quantity
variability over time. Comparison is also difficult, as there are five size classes for Dutch
sole and only one for the UK. Nevertheless, the price trends over time appear similar for the
two countries.

There is aso substantial seasonal variation as shown by Rijnsdorf et al. (2012). This
variation has mainly to do with spawning: during spawning, the fish use much of their
reserves, and hence contain less meat. This results in prices being lower in the spawning
season, especialy for the larger size classes.

Average monthly prices for 2013 for the UK are given in Figure 16 and Table A25 in the
Appendix. There is a marked seasonal variation in price. Price is at its highest in winter
(November-March). It is at its lowest in May, the peak season for spawning, when the price
isonly 60 percent of the price for January.
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Figure 16. Average monthly price for sole in 2013: UK vessels in UK ports
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Source: Marine Management Organisation (2014).

Average annual ex-vessel prices for wild sole by fishing technology (trawl and
long-line) are available for Catalonia (Spanish Mediterranean) for 20002013 (Figure 17
and Table A26 in the Appendix). The overall average price in 2000 was EUR 13.11/kg,
with an upward trend to just over EUR 19.60/kg in 2009-2010; subsequently declining,
with EUR 16.51/kg observed for 2013. Prices of sole caught with long-line were
significantly (12 percent) higher than the ones captured by trawlers at the beginning of the
period. This price margin between sole captured by long-liners and trawlers could be
explained by the larger size of the individuals captured by long-liners and the fish being
less damaged by the gear. However, in recent years the price margin between the two gears
has decreased.

The prices in Catalonia are substantially higher than those observed for the UK and also on
the whole higher than those for the Kingdom of the Netherlands. This could be due to size
and quality differences as well as market considerations.

Ex-vessel sole prices in Catalonia are also higher than the prices in Vigo (Galicia, Atlantic
Spain), in part due to fresher products (vessels in Catalonia go to port every day to sell the
fish) and also because overall prices are higher in Catalonia than Galicia.

Monthly landings and price data for sole from January 2010 until December 2013 are
available for Vigo (Figure 18 and Table A27 in the Appendix). Landings are seen to be
fairly modest. It also appears there is an inverse relationship between price and quantity: as
quantity increases, price declines. From these prices the existence of intra-annual variations
(i.e., seasonality) can aso be observed.
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Figure 17. Average annual ex-vessel sole price by fishing gear in Catalonia, Spain,
2000-2013
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Source: Guillen and Franquesa (2015).

Figure 18. Landings and price of sole at the Vigo market, Jan 2010-Dec 2013
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4.3. WHOLESALE MARKETS IN THE KINGDOM OF SPAIN

Domestic supply of sole in the Kingdom of Spain was 573 tonnes in 2011, down to
458 tonnes in 2013 (section two). Most of this was from capture, with farmed production of
S. senegalensis being 85tonnes in 2011, increasing to 95tonnes in 2012, while the
production of common sole which was 65 tonnes in 2011 was reduced to zero in 2012.
Despite the rather limited domestic production, the Kingdom of Spain is one of the largest —

if not the largest — market for sole in Europe. Due to the limited domestic supply most of
the sole consumed isimported.
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Annual imports (and exports) of fresh (or chilled) and frozen sole from 2000-2013 are
givenin Figure 19 (see Appendix, Tables A28 and A29). Frozen imports were 7 500 tonnes
in 2000 and peaked at 9 100 tonnes in 2007. They subsequently declined to 2 400 tonnes in
2013. Imports of fresh/chilled sole varied around 7 000 tonnes annually up to 2010 but have
declined in the last three years with 4 700 tonnes recorded in 2013. In 2000, total imports
were 13 900 tonnes; by 2013, they were almost reduced by half to 7 100 tonnes.

Exports of fresh/chilled product are limited in most years but have shown an upward trend
recently, with more than 700 tonnes recorded for 2013. Exports of frozen sole varied
between 700 and 1 100 tonnes up to 2008 but have subsequently declined to just over
300 tonnesin 2013. Total sole exports stood at less than 1 100 tonnes in 2013. Thus exports
are small compared with imports.

Figure 19. Quantity of fresh or chilled and frozen sole imports and exports,
2000-2013
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Source: Agencia Tributaria (2014).

Average import and export prices are given in Figure 20. The price of frozen imports was
fairly stable around EUR 4.00/kg for most of the period but has been around EUR 5.00/kg
during the last three years. The price of fresh/chilled imports is substantially higher than
frozen, in most years more than EUR 8.00/kg, with EUR 8.13/kg in 2013.

The price of frozen exports is in most years less than that of frozen imports, suggesting
lower quality product is re-exported, however, the price has increased in recent years to
EUR 5.97/kg in 2012, down to EUR 5.09/kg in 2013. The price of fresh/chilled exportsis
seen to be highly variable; however, as noted above, quantity is in many years very small.
In recent years, the trend has been similar to that of the import price.
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Figure 20. Average price of fresh/chilled and frozen sole imports and exports,
2000-2013
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Source: Agencia Tributaria (2014).

Most soleis traded at the two major wholesale markets in Barcelona and Madrid. Sales of
fresh sole at Barcelona's wholesale market, Mercabarna, were around 1 800 tonnes
annually for the period 20062008 (Appendix, Table A30). Subsequently sales have
declined, with 1 355 tonnes recorded in 2013. Frozen sales have shown a reduction from
287 tonnes in 2006 to 183 tonnes in 2013. This implies total quantity has been reduced
from 2 069 tonnes in 2006 at a value of EUR 27.7 million to 1 538 tonnes in 2013 valued at
EUR 15.4 million. The price of fresh sole has come done, in particular after 2010, to
EUR 10.00/kg in 2013. The price of frozen sole is substantially less than that of fresh
product; however, the difference appears to have become less over time.

A longer time period and more detailed data are available for Madrid's wholesale market,
MercaMadrid (Appendix, Tables A31 to A33). Total quantity was 2 007 tonnes in 2002,
showing a dlight reduction to 1 974 tonnes in 2013 (including farmed product). Nominal
value, however, increased from EUR 22.3 million in 2002 to EUR 24 million in 2013,
indicating an increase in average nominal price.

For Madrid, information is available on the evolution of sales over time of big, medium and
small fresh sole; that the development of frozen sole is different as well as their respective
prices (Appendix, Table A33). As for quantity of large sole, this varies over time. For
Madrid, price observations are also available for different sizes of wild fresh sole aswell as
farmed and frozen sole. This allows for a comparison between these prices (Figure 21).
When it comes to prices, the price of large sole (over 1 kg) is higher than that of medium
sized sole which is again higher than that of small sole (under 500 g). This is as expected.
Thereis, however, avery substantial price difference: large sole often fetches aprice that is
twice the price of small sole. Asfor price trends, it is interesting to note that prices of large,
medium and small fresh sole have all been increasing since 2010. This trend is different
from that observed in Barcelona.
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Figure 21. Average Price per Year: Sole, Large Fresh, Medium Fresh, Small Fresh,
Agquaculture Fresh and Frozen, MercaMadrid, 2002-2013
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Source: MercaMadrid (Appendix, Table A33).

When it comes to farmed sole, data are available for only two years. The price is dightly
higher than that of small fresh sole, but less than that of medium sole. This may be a
consequence of farmed sole being less than 500 g. It is also noticeable that even fresh small
sole fetches a considerably higher price than that of frozen sole.

4.4, ANALYSIS

Guillen and Franquesa (2015) have analysed price evolution for severa fish speciesin the
Kingdom of Spain at the retail, wholesale and ex-vessel level (see Appendix, Figure A1, for
illustrations for some of the species). When considering wild and farmed sea bream, sea
bass and turbot prices at wholesale level in the Kingdom of Spain it is possible to see that
wild prices were increasing until about 2008 and then started decreasing, similar to the
other fish luxury products. On the other hand, over the same period farmed prices were
relatively constant or decreasing and then started increasing similar to what may be
considered for basic or normal products. This suggests it is possible that wild and farmed
sole could have different price trends and thus belong to different markets, as appears to be
the case for other fish products. The same could be true for large wild sole as compared to
small and wild and for wild sole compared to farmed.

There are few market studies for sole. Nielsen, Smit and guillen (2009) undertook
econometric studies of European whitefish markets including species such as sole, lemon
sole, plaice, hake, monkfish and turbot. The authors use the term “benchmarking” to
classify the relationship between different products, and the criterion they use to assess this
is to study the interdependence between the prices of different products. This is done by
comparing own and cross price elasticities. When it comes to hake and sole, they found a
bidirectional relationship. In particular, hake quantity was found to affect the price of sole,
however, because the hake price was more affected by the sole quantity than by its own
guantity, sole was chosen as the benchmarking species. Based on the relationship that was
found between sole and hake, the authors talk about a Southern European fish market as the
largest hake consumption takes place in the Kingdom of Spain, the Republic of Italy, the
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French Republic and the Portuguese Republic. One might believe that hake rather than sole
should be the species benchmarking the whitefish market in Southern Europe or at least in
the Kingdom of Spain as the hake market is so much larger than that for sole. One way to
explain this possible divergence is that the analysis was done at a fairly aggregate level so
that if it were undertaken at a more disaggregate level, results might have been different.
For example, hake includes many different products that are aggregated: these include
luxury and basic products that do not have the same price trends (see Asche and Guillen,
2013). Thus, in the case of hake there are products differentiated by quality and size that are
not part of the same market. Fish products tend to have higher own price elasticities when
they are considered luxury products as they have fewer substitutes. Nielsen, Smit and
Guillen (2009) also found that sole affects the prices of hake, monkfish and lemon sole;
however, no relationship was found between turbot and sole. This might be due to the
existence of turbot aguaculture that could affect turbot prices and represents a topic for
further investigation.

Asiillustrated for the Kingdom of Spain, wild sole is available as large, medium and small
product with very different prices. in addition, frozen sole is available. Wild sole is
believed to be part of the same market as the larger and fresher hakes which are considered
luxury products, together with, for example, monkfish. Smaller hake and imported hake
would be part of the same market as blue whiting and other whitefish which can be
considered basic or normal products. A very important question is whether consumers can
differentiate between wild and farmed sole by themselves, or the existing differences in
prices are because of the current labelling regulation (that in the EU mandates stating the
origin of all fish products) and consumers persona perceptions (wherebyconsumers
believe that wild products are better than farmed ones). As shown above, farmed sole
appears to be more similar in size to small sole; also the price is more similar to small sole
than that of large sole. This may suggest that sole might be in the second market, that of
basic-normal products. It isamajor challenge to farmed sole producers to develop products
that might fit into the luxury category.
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FUTURE DEVELOPMENTS

The development of commercial sole farming still faces many challenges. This relates both
to the production and to the markets. On the one hand, efficiency in production must be
achieved so as to reduce cost of production. On the other hand, new markets for farmed
sole must be developed both in terms of supermarkets and the HORECA channel. It is,
however, evident that the research capability relating to sole farming that has become
established in the key problem areas will help overcome challenges faced by this industry.

According to Howell et al., (2009), the industry has not grown as expected and several
producers on the Mediterranean coast have been forced to close due to disease problems.
However, after that time diseases have not been an issue. From a commercial perspective,
Howell et al., (2009) state that immediate priorities should focus on key issues limiting
production and are seen to be as follows: improve egg and larval quality particularly with
respect to hatchery reared stocks. Thisis very much supported by the cost analysis we have
undertaken, where in the base case juveniles represent slightly more than 39 percent of cost
of production. It is essential that this cost share be reduced over time.

According to Howell et al., (2009), sole farming is still a marginal business with cost of
production around EUR 8-9/kg before interest, administration and sales costs. Adding these
costs would likely bring production cost up to more than EUR 10/kg, also when taking
inflation into account. The minimum viable capacity for a production unit is more than
100 tonnes which is till not proving to be attractive to investors considering the risks
involved. This, however, appears to have changed in recent years with development of new
sole farms having a production capacity of around 2 000 tonnes.

The results of this study are more optimistic, very much due to the fact that a new farming
technology is considered. In the base case, cost of production is EUR 9.62/kg while farmed
sole price at the Madrid wholesale market in 2013 was EUR 12.25/kg. This currently gives
asignificant margin for farmed sole producers. The sensitivity anayses showed how cost of
production would come down due to improved efficiency and reduced prices of input
factors. In particular, with a 60 percent investment grant, a juvenile cost of EUR 0.90 and a
feed cost of EUR 1.20/kg, the cost of production becomes EUR 7.53/kg, a 21.7 percent
reduction compared to the base case. In this case, juveniles represent 37.6 percent of cost of
production, as compared to more than 39 percent in the base case. This does not take into
consideration economies of scale and reduction in operating and labour costs over time.
The cost share of juvenilesis extremely high and is likely to come down as the production
of juveniles increases. It will also come down as a consequence of improved quality of
juveniles, leading to higher growth and reduced mortality.

Overdl, it is not unreasonable to expect that cost of production will be reduced towards
EUR 7.00/kg over time. This production cost should allow farmed sole producers to obtain
substantial financial benefitsif the farmed sole price is not reduced by more than 40 percent
based on the 2013 MercaMadrid price®. The economic advantages of the farming
technology in question are thus very considerable.

3 There are 23 wholesale markets in Spain, close to the main consumption areas. Most of these
wholesale markets sell seafood products. Prices in wholesale markets follow similar trends over time
and benchmark prices of other minor markets.
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There are also challenges on the market side. In order to serve supermarkets, farms must be
able to supply larger quantities than at present. An important issue is also that of fish size.
Price observations show that large sole command a much higher price than small sole.
Moreover, the HORECA channel in particular prefers sole of larger size than most of the
current farm production. In addition, many consumers still prefer wild product to farmed.
Thus, it is important that information campaigns on the quality and merits of farmed
products continue to be disseminated.

There are, however, also advantages for farmers. As production expands, they will be able
to provide consistent supply over the year, aso in line with seasonal trends in consumer
demand. This, of course, necessitates efficient logistics. Moreover, with improved control
of the production process, fish size can also be adapted to market demand. In addition,
farmers have control over many aspects of the quality of the product.

The economic advantages of the optimal farming technology that has been analysed are

such that they should ensure current and future profitability of sole farming. As a
consequence, the prospects for expansion in sole farming in the coming years are good.
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APPENDIX: DATA

CAPTURE PRODUCTION

Table Al. Sole: SSB and landings Subarea 1V, 1990-2013 (tonnes)

Year SSB Landings
1990 89322 35120
1991 77118 33513
1992 76 988 20341
1993 55569 31491
19 73978 33002
1995 58878 30467
199 38505 22651
1997 27174 14901
1998 20061 20868
1999 40763 23475
2000 37777 22641
2001 29 4% 19944
2002 30546 16 945
2003 24839 17920
2004 36909 18757
2005 31373 16355
2006 23585 1259
2007 17351 14635
2008 34528 14071
2009 31072 13952
2010 30201 12 603
2011 30285 11 485
2012 42309 11610
2013 48871 13138

Source: |CES Advice, June 2014.
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Table A3. Sole: SSB and landings Division Illa and Subdivisions 22-24, 1990-2013 (tonnes)

Year SSB Landings
1990 2626 1050
1991 3114 1011
1992 3880 1294
1993 3812 1439
1994 3733 1198
1995 3473 1297
1996 2968 1059
1997 2455 814
1998 1719 605
1999 2287 638
2000 2175 646
2001 1958 476
2002 2611 862
2003 2834 619
2004 3046 824
2005 3492 990
2006 2935 836
2007 2024 633
2008 1634 655
2009 1885 641
2010 1615 538
2011 1578 552
2012 1441 358
2013 1037 332

Source: |ICES Advice, June 2014.
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Table A4. Sole: official landings and ICES landings,Subarea I1la and Subdivisions
22-24 (tonnes)

Year |Denmark |Sweden|Germany|Belgium|Netherlands [Norway| Working | Total
Group
Corrections
1990 592 29 2 427 1050
1991 962 38 + 1 1011
1992 1228 54 12 1294
1993 1371 68 9 -9 1439
194 1186 12 4 -4 1198
1995 1232 65 6 -6 1297
1996 987 57 612 -597 1059
1997 760 52 2 814
1998 512 20 3 605
1999 589 45 3 637
2000 732 A 1 -132 645
2001 556 2 -103 478
2002 555 15 1 281 862
2003 289 1 17 301 618
2004 398 16 18 392 824
2005 781 30 A 145 990
2006 742 3B 43 4 9 836
2007 540 45 39 0 9 633
2008 576 A 35 3 7 655
2009 573 37 27 4 641
2010 459 46 26 3 3 538
2011 463 53 33 3 552
2012 32 30 0 0 6 358
2013 264 54 9 0 6 332

Source: ICES Advice, June 2014.
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Table A5. Sole: SSB and landings, Division VI1d, 1990-2013 (tonnes)

Year SSB Landings
1990 9529 3647
1991 8716 4351
1992 11 106 4072
1993 13055 429
194 12492 4383
1995 11029 4420
1996 12087 4797
1997 10455 4764
1998 8064 3363
1999 8968 4135
2000 8459 3476
2001 7545 4025
2002 8524 4733
2003 10365 5038
2004 11359 4826
2005 11382 4383
2006 9860 4833
2007 10301 5166
2008 12681 4517
2009 11530 5266
2010 9125 4409
2011 10554 4133
2012 1291 4048
2013 13370 4390

Source: ICES Advice, June 2014.
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Table A6. Sole: official landings and ICES landings, Division VIId (tonnes)

Year Belgium|France | United Kingdom| Other |Total [Unallocated*| ICES total | TAC
(E+W) countries landings
1990 99% 1255 785 . 3036 611 3647 3850
1991 V4 2054 826 . 3784 567 4351 3850
1992 891 2187 706 10 37% 278 4072 3500
1993 917 232 610 13 3862 437 429 3200
194 940 2382 701 14 4037 346 4383 3800
1995 817 2248 669 9 3743 677 4420 3800
1996 899 232 877 . 4098 699 4797 3500
1997 1306 | 1702 933 . 3941 823 4764 5230
1998 51 1703 803 . 3047 316 3363 5230
1999 830 2251 769 . 3900 235 4135 4700
2000 1021 | 2190 621 . 3832 -356 3476 4100
2001 1313 | 2482 822 . 4617 -592 4025 4600
2002 1643 | 2780 976 . 5399 -666 4733 5200
2003 1657 | 3475 1114 1 6247 -1209 5038 5400
2004 1485 | 3070 1112 . 5667 -841 4826 5900
2005 1221 | 2832 567 . 4620 -236 4384 5700
2006 1547 | 2627 678 . 4852 -18 4834 5720
2007 1530 | 2981 801 1 5313 -147 5166 6220
2008 1368 | 2880 724 . 4972 -455 4517 6593
2009 1475 | 2886 4 6 5121 145 5266 5274
2010 1204 | 2407 674 4374 35 4409 4219
2011 1181 | 2283 686 4150 -17 4133 4852
2012 920 2475 623 0.25 4018 30 4048 5580
2013+ * 954 2865 605 4424 -4 4390 5900

* Unallocated mainly due to misreporting
** | andingsin 2013 are preliminary.
Source: |CES Advice, June 2014.
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Table A7. Sole: SSB and landings, Division Vlle, 1990-2013 (tonnes)

Year SSB Landings
1990 3013 1306
1991 2740 852
1992 2632 896
1993 2617 04
194 2887 800
1995 2931 856
1996 2811 833
1997 2703 950
1998 2730 830
1999 2736 956
2000 2764 912
2001 2846 1069
2002 3026 1105
2003 3198 1078
2004 3025 1074
2005 3125 1037
2006 2705 1016
2007 2776 1015
2008 2590 908
2009 2948 700
2010 3365 698
2011 3505 801
2012 3710 872
2013 3489 882

Source: ICES Advice, June 2014.
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Table A8. Sole: official landings and ICES landings, Division Vlle (tonnes)

Year |Belgium|France|lreland|Jersey|Guernsey| United UK other |Unallocated| Total
Kingdom (E,
W & NI)
1990 41 81 1 3 632 556 1315
1991 35 325 477 15 852
1992 41 267 2 457 9 119 895
1993 59 236 1 479 18 11 04
194 33 257 546 -38 800
1995 21 294 1 2 562 -24 856
199 8 297 428 91 833
1997 13 348 1 13 13 470 91 949
1998 40 A3 17 3 369 108 880
1999 13 18 3 375 548 957
2000 4 241 2 5 386 256 914
2001 19 224 20 5 382 419 1069
2002 33 198 15 5 289 566 1106
2003 1 363 1 15 5 235 458 1078
2004 7 302 7 6 172 581 1075
2005 26 406 17 5 505 80 1039
2006 32 357 4 4 568 0 56 1022
2007 # 384 2 2 525 4 64 1015
2008 28 312 0 2 6 464 % 908
2009 17 386 1 3 374 3 -83 701
2010 17 375 2 3 361 2 -62 698
2011 22 401 2 4 422 -50 801
2012 39 325 0 1 2 504 1 872
2013 29 321 4 532 -4 833

* Landingsin 2013 are preliminary.
Source: |CES Advice, June 2014.
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Table A9. Sole: totals for combined North Sea and English Channel areas, 1990-2013
(tonnes)

Year SSB Landings
1990 104490 | 41123
1991 91688 39727
1992 94 606 35603
1993 75053 38133
1994 93090 39383
1995 76311 37040
1996 56 371 29340
1997 42787 21429
1998 32574 25716
1999 54754 29204
2000 51175 27675
2001 41 845 25514
2002 44707 23645
2003 41 286 24 655
2004 54339 25481
2005 49372 22765
2006 39085 19279
2007 32542 21449
2008 51433 20151
2009 47435 20559
2010 44 306 18248
2011 45922 16971
2012 60 401 16 888
2013 66 767 18742

Source: |CES Advice, June 2014.
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Table A10. Sole: total capture production by fishing area (tonnes)

Year Atlantic, Atlantic, Eastern| Mediterranean Total
Northeast Central and Black Sea

1990 41572 3674 9429 54675
1991 42 806 8712 9635 61153
1992 42586 12502 9685 64773
1993 45405 9952 8867 64224
194 48052 10047 8454 66 553
1995 44 147 1944 9198 55289
1996 34460 1617 6949 43026
1997 27279 2589 5917 35785
1998 31293 7411 5047 43751
1999 35718 3122 4179 43019
2000 34728 6283 5169 46 180
2001 32284 4613 4977 41874
2002 29 586 3873 5548 39007
2003 31700 2801 6273 40774
2004 3124 2966 5340 39600
2005 29243 3308 5246 37797
2006 25463 3723 6403 35589
2007 27 291 3696 6322 37309
2008 24 966 3351 5795 #4112
2009 27 348 4140 6373 37861
2010 25 286 3386 6 286 34958
2011 23823 2 366 5897 32086
2012 23802 2223 5352 31377

Source: FAO, 2014.
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PRICE AND MARKET DATA

Table A23. Average price of sole landed by UK vessels in the UK, 2000-2013,
live weight

Year £ per kg € per kg (live
(live weight) weight)
2000 5.95 9.77
2001 6.29 10.12
2002 6.1 9.70
2003 6.22 8.99
2004 6.45 9.51
2005 7.06 10.33
2006 7.74 11.35
2007 7.38 10.79
2008 7.15 9.00
2009 7.32 8.22
2010 8.24 9.61
2011 8.58 9.89
2012 8.12 10.02
2013 7.30 8.60

Source: Marine Management Organisation (2014) for UK prices. GBP prices have been converted to
EUR by use of annual average exchange rates. http://fxtop.com (accessed 23/04/14).

Table A24. The Netherlands: sole prices by size class, nominal prices

Size Class
Class 1 2 3 4 5
2003 13.33 13.85 12.55 8.83 6.83
2004 15.07 15.10 10.84 7.72 6.21
2005 15.36 13.59 11.52 10.07 8.45
2006 16.32 16.31 15.32 12.74 10.16
2007 18.98 19.70 15.22 9.88 7.30
2008 17.11 15.39 10.57 8.89 8.03
2009 13.65 12.06 11.08 9.77 8.06
2010 14.05 12.91 13.91 11.07 8.99
2011 13.47 14.20 14.03 10.03 8.18
2012 19.57 18.24 12.32 8.64 7.16
2013 12.94 11.37 9.77 7.41 6.24

Source: Wageningen UR database.
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Table A25. Sole: monthly prices in 2013, UK vessels in UK ports

January 8.71
February 8.70
March 8.08
April 5.96
May 4.77
June 7.31
July 6.35
August 5.80
September 6.69
October 7.21
November 7.50
December 7.95

Source: Marine Management Organisation (2014).

Table A26. Average annual ex-vessel sole price by fishing gear in Catalonia, Spain,
2000-2013

Year Long-line Trawl
2001 1751 15.61
2002 19.78 17.44
2003 22.27 17.08
2004 20.58 17.04
2005 21.51 16.53
2006 22.96 19.80
2007 25.23 19.68
2008 22.06 19.96
2009 22.89 21.08
2010 24.04 20.74
2011 17.83 19.87
2012 19.59 19.67
2013 17.50 18.01

Source: Guillen and Franquesa (2015).
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Table A27. Sole: landings at the Vigo fish market, January 2010-December 2013

Month Quantity (kg) | Price (€/kg) Month Quantity (kg) | Price (€/kg)
Jan 2010 5544.90 13.3 Jan 2012 6 924.00 12,5
Feb 2010 4174.40 10.9 Feb 2012 3816.60 12.8
Mar 2010 3830.40 16.0 Mar 2012 2 452.40 14.2
Apr 2010 4872.20 155 Apr 2012 2749.90 19.1
May 2010 3185.90 15.6 May 2012 5179.10 17.1
Jun 2010 3469.30 17.8 Jun 2012 4528.80 17.6
Jul 2010 3112.80 19.0 Jul 2012 4580.30 19.7
Aug 2010 2295.30 20.6 Aug 2012 3828.60 18.9
Sep 2010 2078.00 17.7 Sep 2012 4081.90 17.7
Oct 2010 3883.00 16.8 Oct 2012 4798.50 16.0
Nov 2010 5055.10 14.6 Nov 2012 5215.10 13.9
Dec 2010 3886.80 205 Dec 2012 4 404.00 15.8
Jan 2011 4033.90 13.7 Jan 2013 4001.10 15.5
Feb 2011 4057.70 13.2 Feb 2013 3575.00 12.9
Mar 2011 4556.30 14.0 Mar 2013 3342.10 17.6
Apr 2011 3460.80 16.7 Apr 2013 7791.20 14.1
May 2011 4835.00 15.8 May 2013 8972.20 13.6
Jun 2011 4 056.70 175 Jun 2013 8533.40 14.5
Jul 2011 2965.20 19.7 Jul 2013 5 408.30 15.8
Aug 2011 5465.70 20.1 Aug 2013 3089.90 17.2
Sep 2011 2832.90 18.8 Sep 2013 3855.70 15.1
Oct 2011 5732.40 16.9 Oct 2013 5051.60 13.9
Nov 2011 8 883.60 15.1 Nov 2013 5 756.90 13.0
Dec 2011 6 143.70 17.4 Dec 2013 6 283.90 12.6

Source: Xunta de Galicia (2014).
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Table A28. Imports and exports to Spain of fresh or chilled sole, 2000-2013

Imports Export

Year Quantity Quantity

(tonnes) Price (€/kg) (tonnes) Price(€/kg)
2000 6 438.6 7.54 176.3 3.35
2001 6 408.9 7.25 167 4.98
2002 6 361.6 8.36 607.6 1.65
2003 5922 8.62 1554 491
2004 7497.1 8.19 208.6 6.22
2005 60415 9.87 185.7 5.44
2006 5380.1 10.71 46.9 10.35
2007 6 331.3 9.27 56.1 10.14
2008 58514 9.18 50.2 9.21
2009 5188 9.15 50 14.44
2010 7927 5.50 517.7 6.36
2011 4324.9 9.55 288.5 8.47
2012 4 768.6 8.37 312.3 7.85
2013 4669 8.13 738.7 5.64

Source: Agencia Tributaria (2014).
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Table A29. Imports and exports to Spain of frozen sole, 2000-2013

Imports Export

Year Quantity Price Quantity Price

(tonnes) (E/kg) (tonnes) (E/kg)
2000 7507.3 3.47 833.7 4.02
2001 8572.4 4.55 716.8 4.65
2002 75473 3.91 910.2 3.63
2003 8137.7 3.79 718.8 3.58
2004 7340.9 3.87 754.4 3.52
2005 7378.1 3.89 10245 2.63
2006 8580.4 4.14 1143 3.22
2007 9082.2 4.18 1119.2 3.08
2008 5990.3 3.92 849.7 2.54
2009 6 596.8 3.71 551.4 3.57
2010 5 060.7 3.84 983 3.06
2011 3192.7 5.14 791.5 3.97
2012 3585.8 5.11 402.4 5.97
2013 2402.8 4.85 338.4 5.09

Source: Agencia Tributaria (2014).

Table A30. Annual sales at Barcelona's wholesale market, MercaBarna

Quantity (kg) Value (€) Price (€/kg)
Year Sole Sole Sole
fresh Sole frozen | Sole fresh | Sole frozen fresh frozen

2006 1781622 287234 | 26104433 1586 807 14.7 5.5
2007 1826 465 242920 | 23175804 1726 381 12.7 7.1
2008 1784 992 247 238 21 030 195 1731565 11.8 7.0
2009 1614 357 248524 | 20335013 1687 159 12.6 6.8
2010 1374990 278 105 18 768 751 1576 201 13.7 5.7
2011 1491 208 244 069 19 275 170 1761320 12.9 7.2
2012 ,291 499 191 454 14 591 122 1451 993 11.3 7.6
2013 1355 232 182 755 13 550 207 1182 284 10.0 6.5

Source: MercaBarna (2014).
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Table A31. Annual sales at Madrid's wholesale market, MercaMadrid

Quantity (kg)
Year Sole large Sole medium Sole small Sole Sole frozen
fresh fresh fresh aquaculture
fresh

2002 161 446 645 949 807 554 392 312
2003 140 706 569 341 713 737 197 883
2004 157 086 533 392 1230122 185 236
2005 98 797 343 553 849 351 725984
2006 31675 239 525 662 738 1145592
2007 10 207 204 489 616 774 1038 231
2008 64 760 329 650 924 090 1106 682
2009 145 928 631 656 695 065 1287 940
2010 201103 737 196 402 067 1003 827
2011 171 326 628 206 342 650 731974
2012 148 622 505 497 221 874 6,648 426 831
2013 124 528 619 974 413 136 11,649 804 707

% Incomplete data.

Source: MercaMadrid (2014).

Table A32. Annual sales at Madrid's wholesale market, MercaMadrid

Value (£€)
Year Sole large Sole medium Sole small Sole Solefrozen
fresh fresh fresh aquaculture
fresh

2002 3233047 9749 494 6 534 489 2828570
2003 2539901 7 856 289 6 082 046 1426 736
2004 3303889 8 006 942 9703 815 1 338 886
2005 2128083 4 952 347 7924 844 5669 935
2006 770091 4017 499 6929 104 8947 074
2007 252 902 2993 549 5521 840 6872434
2008 1405 670 5385 631 9074 987 6983 163
2009 3628 841 10 666 246 7 261 885 8126 901
2010 3738692 9999 177 3265 425 6334 148
2011 3205921 8316 690 3055 564 4 618756
2012 3313742 8 086 856 2 449 560 86 9837 2 693 304
2013 3040217 11175 194 4559 077 142 661 5077 701

% Incomplete data.
Source: MercaMadrid (2014).
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Table A33. Annual sales at Madrid's wholesale market, MercaMadrid

€/kg)
Year Sole large | Sole medium Sole small Sole aquaculture Sole
fresh fresh fresh fresh frozen

2002 20.0 15.1 8.1 7.2
2003 18.1 13.8 8.5 7.2
2004 21.0 15.0 7.9 7.2
2005 21.5 14.4 9.3 7.8
2006 24.3 16.8 10.5 7.8
2007 24.8 14.6 9.0 6.6
2008 21.7 16.3 9.8 6.3
2009 24.9 16.9 10.4 6.3
2010 18.6 13.6 8.1 6.3
2011 18.7 13.2 8.9 6.3
2012 22.3 16.0 11.0 13.1 6.3
2013 24.4 18.0 11.0 12.2 6.3

? Incomplete data.
Source: MercaMadrid (2014).

71




Figure ALl. Price trends for various species (first week 5-10 January 2004; last week 23-28
December 2013)

*Wholesale price is weighted price for all wholesale markets in Spain.
Source: MAGRAMA (2014).

72






GLOBEFISH MARKET RESEARCH PROGRAMME

Vol 118  Sole: Production and markets (72p.) Apr-15
Vol 117  The Japanese market for seafood (45p.) Jan-15
Vol 116  The European market for bivalves other than mussels (53p.) May-14
Vol 115 The European market for mussels (65p.) Apr-14
Vol 114  Eel (Anguilla spp.): Production and trade according to Washing Convention Apr-14

Legislation *
Vol 113  Exchange rates and the seafood trade (43p.) * Jan-14
Vol 112  By-products of tuna processing (48p.) Jul-13
Vol 111  Technical guide to fish canning (69p.) May-13
Vol 110 Innovative uses of fisheries by-products (53p.) Feb-13
Vol 109  Seafood markets in Southern Africa; Potential of regional trade and

aquaculture development (53p.) Jan-13
Vol 108 Risks and benefits of seafood consumption (29p.) * Jan-13
Vol 107  El eco-etiquetado de productos pesqueros en Espafia (56p.) Sep-12
Vol 106  El mercado de productos pesqueros en Espafia: Efectos de la crisis en la

produccion y el consumo (73p.) Aug-12
Vol 105 The European market for shrimp: Trade interactions in the import of warm

water and coldwater shrimp to the main European shrimp markets (39p.) Aug-12
Vol 104  The French market for seafood (48p.) Aug-11
Vol 103  Turbot - Production technology and markets (31p.) Feb-11
Vol 102 The Ornamental Fish trade (134p.) Nov-10
Vol 101  Markets for Tilapia (37p.) Jun-10
Vol 100 Importance of APEC in world fisheries and aquaculture (34p.) Mar-10
Vol 99  VietNam Seafood from waterland (124p.) Mar-10
Vol 98  The Seafood market in Greece (33p.) Mar-10
Vol 97  Private standards in fisheries and aquaculture (64p.) Apr-09

* Free electronic version available at www.globefish.org/globefish-research-programme.html

€30
€30
€30
€30

€30
€30
€30
€30

€30
€30
€30

€30

€30
€30
€30
€40
€30
€30
€30
€30
€30

B R R R R R R R R R R R R R R R R R AR R R R R R R R AR AR R R R R R R R R R AR A R R AR AR R R R R R AR A R R R R R R R R R AR A R R R R R X R

ORDER FORM
COPIES ARE AVAILABLE FROM:

FAO - GLOBEFISH - Fisheries and Aquaculture Policy and Economics Division
Viale delle Terme di Caracalla, 00153 Rome, Italy

Tel: (39-06) 570 52692 - Fax: (39-06) 570 53020 - Email: GLOBEFISH_PUB@fao.org - http://www.globefish.org

20% DISCOUNT IS OFFERED IF YOU ORDER TWO OR MORE HARD COPIES

I would like to order copy(ies) of the following GRPs €

[ By bank cheque/draft in € payable to GLOBEFISH (see address above)

[ By credit card:
Card No: O Visa O Mastercard

Expiry date: Signature:

[ Bank transfer to: FAO Trust Fund (EUR), HSBC Bank Plc, 8 Canada Square, London E14 5HQ, UK
AJC No: 67115083 (Swift Code MIDLGB22) - IBAN GB04MIDL40051567115083, referencing GLOBEFISH

Name: Company:
Street Address:
City and Postcode: Country:

Tel: Fax: E-mail:




\?/ Food and Agriculture
M Organization of the
United Nations

Food and Agriculture Organization of the United Nations
Fisheries and Aquaculture Policy and Economics Division
Products, Trade and Marketing Branch

Viale delle Terme di Caracalla

00153 Rome, Italy

Tel.: +39 06 5705 2884

Fax: +39 06 5705 3020

www.globefish.org




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


